INTEGRATED TORQUE CONVERTER AND 
STARTER-GENERATOR 

Background Of Invention 



The present invention relates to vehicle drivetrains, and more particularly to 
torque converters integrated with starter-generators. 

Conventionally, in automotive vehicles with internal combustion engines, 
10 starter motors and generators (or alternators) are separate components that are 
mounted in the engine compartment. The starter is employed only during engine 
start-up to rotate the engine crankshaft, and the generator (or alternator as the case 
may be) is used during engine operation to provide electricity for charging the vehicle 
pi battery and other vehicle electronics. This arrangement has drawbacks, however, in 

IaI 1 5 that the cost is generally high due to the fact that they are separate assemblies that 

m 

each have their own working components and housings; also, the package space 
required is not as efficient as possible. This arrangement is particularly inefficient in 
that the tv/o components rarely, if ever, operate at the same time. 

Ill' 

With vehicles becoming smaller and the need to reduce the cost of the 
20 vehicles, it is desirable to minimize the cost and packaging space for these two 
components. This is particularly significant in vehicles that also employ an 
automatic transmission (or transaxle), and torque converter, because automatic 
transmission and torque converter overall take up more space than a manual 
transmission and clutch. As a result, some have attempted to integrate the starter and 
25 generator into a single unit. There is a need, however, to accomplish the integration 
in such a way that the packaging space and cost is minimized while still allowing for 
both the starter function and the generator function to perform adequately. 

Thus, it is desirable to have a vehicle with an intemal combustion engine and 
automatic transmission that overcomes the drawbacks of the conventional 
30 arrangement of components. In particular, it is desirable to have a system with an 

integral starter-generator that mounts compactly with a torque converter assembly, in 
order to reduce the number of components and the packaging space required in the 
vehicle's engine compartment. 
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Summary Of Invention 



In its embodiments, the present invention contemplates an integrated 
assembly adapted to mount in a vehicle between an engine, having a crankshaft 
assembly extending therefrom, and a transmission, having a transmission input shaft 
and stator shaft extending therefrom. The integrated assembly includes a housing 
adapted to mount between the engine and the transmission. It also includes a torque 
converter assembly, located within the housing and adapted to mount adjacent to the 
engine, with the torque converter assembly including a cover adapted to rotatably 
couple to the crankshaft assembly, and an impeller rotationally coupled to the cover, 
and with the impeller including an impeller hub adapted to mount about the stator 
shaft. A motor-generator is located within the housing adjacent to the impeller and 
adapted to mount between the torque converter assembly and the transmission, with 
the motor-generator having an ISG stator supported by the housing, an ISG rotor 
support mounted and rotatable relative to the housing, and with an ISG rotor 
mounted on the ISG rotor support adjacent to the ISG stator, and at least one flexible 
member connected between the ISG rotor support and the impeller such that the ISG 
rotor is rotationally coupled to the impeller. 

The present invention further contemplates an integrated assembly adapted to 
mount in a vehicle between an engine, having a crankshaft assembly extending 
therefrom, and a transmission, having a transmission input shaft and stator shaft 
extending therefrom. The integrated assembly includes a housing adapted to mount 
between the engine and the transmission; and a torque converter assembly, located 
within the housing and adapted to mount adjacent to the engine, with the torque 
converter assembly including a cover adapted to rotatably couple to the crankshaft 
assembly, and an impeller rotationally coupled to the cover, and with the impeller 
including an impeller hub adapted to mount about the stator shaft. The integrated 
assembly also includes a bearing moxmted between the impeller hub and the housing; 
and a motor-generator, located within the housing adjacent to the impeller and 
adapted to mount between the torque converter assembly and the transmission, with 
the motor-generator having an ISG stator supported by the housing, an ISG rotor 
support riding on a bearing mounted to the housing, and with an ISG rotor mounted 



the ISG rotor support adjacent to the ISG stator, and a set of compUant pin 
assembUes connected between the ISG rotor support and the impeller such that the 
ISG rotor is rotationally coupled to the impeller. 

The present invention also contemplates an integrated assembly adapted to 
mount in a vehicle between an engine, having a crankshaft assembly extending 
therefrom, and a transmission, having a transmission input shaft and stator shaft 
extending therefrom. The integrated assembly has a housing adapted to mount 
between the engine and the transmission; and a torque converter assembly, located 
within the housing and adapted to mount adjacent to the engine, with the torque 
converter assembly including a cover adapted to rotatably couple to the crankshaft 
assembly, and an impeller rotationally coupled to the cover, and with the impeller 
including an impeller hub adapted to mount about the stator shaft. The integrated 
assembly additionally has a motor-generator, located within the housing adjacent to 
the impeller and adapted to mount between the torque converter assembly and the 
transmission, with the motor-generator having an ISG stator supported by the 
housing, an ISG rotor support riding on ISG bearings mounted to the housing, with 
the impeller hub supported by the ISG rotor support, an ISG rotor mounted on the 
ISG rotor support adjacent to the ISG stator, and a rotationally rigid, axially flexible 
member connected between the ISG rotor support and the impeller such that the ISG 
rotor is rotationally coupled to the impeller; and a bearing mounted between the ISG 
rotor support and the housing. 

An embodiment of the present invention allows for an integrated assembly 
that includes both a torque converter assembly and an integrated starter-generator 
assembly which mounts between an engine and a transmission. 

An advantage of the present invention is that the packaging space required to 
include an ISG in an engine compartment of a vehicle is minimized. 

Another advantage of the present invention is that a separate starter and 
generator are not required, reducing the cost of the overall assembly. 

Brief Description Of Drawings 



Fig. 1 is a schematic cross-section view of a torque converter assembly in 
accordance with the present invention; and 



Fig. 2 is a view similar to Fig. 1, illustrating a second embodiment of the 
invention. 



Detailed Description 

5 

Fig. 1 illustrates an engine 20, including a crankshaft assembly 22 having a 
flex plate 38, mounted to an integrated assembly 24, which in turn, mounts to a 
transmission 26, including a transmission input shaft 28. When referring to a 
transmission herein, it also means a transaxle, if so applicable. The integrated 

10 assembly 24 includes a bell housing 30, within which is mounted a torque converter 
assembly 32, and a motor housing 34, within which is mounted an integrated starter- 
generator (ISG) motor assembly 36. When referring to an ISG herein, it also means 
an integrated starter-altemator, if so applicable. 

The torque converter assembly 32 is overall a generally conventional torque 

15 converter. It includes a cover 40 that is bolted to and rotates with the flex plate 38, 
and an impeller 42, which is welded to and rotates with the cover 40. The torque 
converter assembly 32 also includes a turbine (not shown) which mounts to the 
transmission input shaft 28, at the end nearest the engine 20, in a conventional 
fashion, and a stator/one-way-clutch assembly (not shown), which mounts to a stator 

20 shaft 45 in a conventional fashion. The impeller 42 includes an impeller hub 44, 
extending toward the transmission 26 end of the torque converter, which rides on a 
needle bearing 46. The cover 40 includes a hub 48, which is piloted into the engine 
crankshaft 22 and so is supported by the engine bearings (not shown). With this 
conventional arrangement for supporting the torque converter assembly 32, the 

25 loading on the crankshaft 22 is similar to that of a conventional production torque 
converter, so the present invention does not require changes to the crankshaft or its 
bearings. 

One will note that the exterior of the impeller 42 is semi-toroidal in shape. 
This is a conventional shape and is due to the flow requirements for transferring 
30 torque via the fluid within the assembly 32. As will be discussed below, the present 
invention takes advantage of this shape to minimize the axial length of the integrated 
assembly 24. 
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The ISG assembly 36 includes an ISG stator 50, which is mounted to the 
motor housing 34. The motor housing 34 not only supports the ISG stator 50, but 
also extends around the ISG assembly 36 and secures the needle bearing 46 between 
itself and the impeller hub 44. The motor housing 34 additionally supports a pair of 
rotor support bearings 52, upon which a rotor support 54 rides. Since the motor 
housing 34 supports both the rotor support bearings 52 and the ISG stator 50, the 
number of parts in a tolerance stack-up are minimized, thus assuring good fit when 
the parts are assembled, and a small magnetic air gap for good electric machine 
performance. 

The ISG assembly 36 also includes an ISG rotor 56, which rides on the rotor 
support 54 and is mounted adjacent to the ISG stator 50. Since the ISG assembly 36 
is located between the torque converter assembly 32 and the transmission 26, and 
with the inherent toroidal shape of the impeller 42, this allows the end turns of the 
ISG rotor 56 to axially overlap the impeller 42. This configuration, then, allows for a 
reduced overall axial length of the integrated assembly 24, while also minimizing the 
diameter of the assembly. The packaging space, then, for the overall integrated 
assembly 24 is minimized. 

A series of ISG pins 58 mount to the impeller 42, and also engage the ISG 
rotor support 54 via a series of generally cylindrical, elastomeric bushings 60. As 
discussed above, the torque converter assembly is mounted on a bearing system that 
includes the needle bearing 46 and the crankshaft 22, while the ISG rotor support 54 
rides on rotor support bearings 52. Due to the fact that these two independent 
bearing systems are used, compliance is needed between the ISG rotor and the torque 
converter assembly. This is achieved through the elastomeric bushings 60. Through 
these pins 58 and bushings 60 the ISG rotor 56 is rotationally coupled to and driven 
by the impeller42. Thus, the torque converter assembly 32 and the ISG assembly 36 
are coupled together and integrated into one compact integrated assembly 24. 

The operation of the integrated assembly 24 in a vehicle powertrain will now 
be discussed. While the engine 20 is running, it drives the crankshaft 22 and flex 
plate 38, which in turn drives the torque converter cover 40 and impeller 42. The 
impeller 42 transfers torque to the turbine (not shown) in a conventional fashion, 
which drives the transmission input shaft 28. So far, this is the same as with a 
conventional vehicle powertrain. The impeller 42 also drives the ISG rotor 56 via the 



ISG pins 58 and rotor support 54. This rotation will energize the ISG stator 50, 
which will charge a conventional vehicle battery (not shown), and provide electricity 
for other vehicle electronics. Thus, the ISG motor-generator assembly 36 is in a 
generator mode. 

On the other hand, if the engine is off, and a vehicle operator turns the vehicle 
key (not shown) to start, then a vehicle battery (not shown) will energize the ISG 
stator 50, causing it to drive the ISG rotor 56. The ISG rotor 56 will then drive the 
impeller 42, which will, in turn, drive the engine crankshaft 22. Now, the ISG motor- 
generator assembly 36 is in an engine start (motor) mode. 

Fig. 2 illustrates a second embodiment of the present invention. In this 
embodiment, elements that are the same as in the first embodiment will be designated 
with the same element numbers, but those that have changed or have been added will 
be designated with 100 series numbers. The engine 20, transmission 26, crankshaft 
22, flex plate 38, torque converter housing 30, torque converter cover 40 , 
transmission input shaft 28, ISG stator 50, ISG rotor 56, and stator shaft 45 are 
essentially the same as in the first embodiment. 

The motor housing 134 mounts the ISG stator 50, and also extends radially 
inward to mount both the needle bearing 46 and a second needle bearing 152. The 
ISG rotor support 154 mounts radially within these two bearings 46, 152. Both of 
these bearings 46, 152 are inside the sealed area of the transmission 26, so they are 
within the oil bath provided by the transmission 26. This will reduce the friction and 
improve the wear life of the bearings 46, 1 52. The ISG rotor support also mounts to 
the impeller hub 144 via a static seal 153. As a result, the impeller hub 144 is 
supported and rides on the bearings 46, 1 52 via the ISG rotor support 1 54. Only a 
static seal 153 is needed since the two components rotate together as one unit. 

There is an ISG flex plate 158 which connects between the rotor support 154 
and the impeller 142. This ISG flex plate 158 creates the rigid rotational connection 
for transferring torque between the torque converter assembly 132 and the motor 
assembly 136, while also allowing for some axial play between the two assemblies. 
It allows for lateral compliance to account for engine/transmission misalignment and 
torque converter ballooning under pressure. 

While certain embodiments of the present invention have been described in 
detail, those familiar with the art to which this invention relates v^U recognize 



various alternative designs and embodiments for practicing the invention as defined 
by the following claims. 
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